Abstract
INTRODUCTION
The World-Wide Web owes its existence to the Internet, whose original constituents were mainly universities. So it is only natural that the Web should abound with educational materials. As universities scramble to put courses on line, they are in effect creating a large distributed database of course materials, organized in an ad hoc manner, with varying degrees of incompleteness. Filtering this information and storing it in a central database based on relevant academic fields, will allow instructors to search, locate and retrieve material they are interested in.
Today, most course materials in all academic fields are produced with wordprocessors or other document-formatting systems. This fact, combined with the increasing number of Web-based courses, clearly indicates that there is enough material on line to cover many academic fields.
Education engineering: Centuries ago, all kinds of manufactured goods-shoes, furniture, carriages-were made to order for the local customer. Manufacturing is no longer done that way ... but education is. "Handcrafting of courses" is expensive, and it is a major reason why the cost of education has been increasing faster than inflation. It makes little sense to have scores of highly trained researchers spending their time devising lab exercises or test questions over the same material, semester after semester. Rather they should be spending their time solving open problems or advancing the frontiers of technology and their teaching hours should be spent more with students and less on preparation.
This suggests the notion of "education engineering"-developing methodologies and tools to create educational materials more quickly and in greater volume, and disseminate them without loss of quality to the increasing numbers of students seeking a technologically up-to-date education. Distance education [2] and Internet delivery [3] are successfully attacking the dissemination of course materials. This research attacks the problem of creating them.
WEB ASSIGN
The software for the Computer Architecture Course Database [5] is built on top of WebAssign [6], a Web-based multimedia exam and homework-grading system developed at NCSU using Sybase 11 and a Sun Ultra 2.1 server. This allows us to share the database format and Web accessibility of the physics database. Although it shares software with WebAssign, the Computer Architecture database is totally separate from the physics database.
It has been very advantageous to team up with an existing on-line testing system. It has freed us from the need to do database programming, and thus permitted us to bring up a small system with only a few thousand dollars of internal funding. Eventually it will allow the problems in the database to be used for quizzes administered over the W e b a d graded automatically, although at present, few problems in the database have objective answers that permit automatic grading.
HOW INFORMATION IS SUB-
Currently, material may be submitted to the Computer Architecture Course database in three ways.
Instructors can e-mail their questions using attachments. . Scripts developed in Per1 are used to fetch problems from courses Websites. The script takes a wildcard URL and a set of editing instructions. It will search the URL for all problems that match the editing expression and download them to the client machine as separate files. The solutions to the problems can be fetched from separate locations (since instructors often produce separate question and answer handouts). Another script is then responsible for formatting the files into a special format accepted by WebAssign before being inserted into the database. These scripts will process either HTML or ASCII formats. So when other formats are submitted (MS Word, PDF, etc ...) a converter is used to translate the file to HTML before processing. At the time of this writing, a Java application is being developed to automate all the above tasks. This will make it much easier for our users to submit questions and answers to the database. 
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PROGRESS TO DATE
Our database currently contains problems, lab exercises and lecture notes. There are about 600 problems in the database (about half have answers), derived from ten courses by nine different instructors. Of these, the largest concentration is on caches (78 problems), followed by computer arithmetic (largely questions on floating-point formats and arithmetic from computer-organization courses), performance, and instruction sets. The largest number of problems, about 200, has been translated from Microsoft Word, followed by 114 translated from ASCII text. HTML is close behind, with 94 problems.
RELATED WORK
The IMS project devises a standard that identifies educational material on the Web by the use of certain tags. WebAssign plans to incorporate those tags into the database material automatically when it is inserted. 
SEARCH RESULTS (FULL)
Other efforts concerning sharing course material on the web include Steve Beaty's [7] Website at http:// lamar. colostate. edu/-beaty/ containing links to other online courses. The author of this paper has compiled a list of courses in object technology for the 1999 OOPSLA Educators' Symposium; it can be found at http:// www4. ncsu. edu/-efg/oo-courses . html. Currently, it contains pointers to 98 course Websites.
In addition to WebAssign, there are dozens of other Web-based assessment and testing systems [l] . Though such systems are not the focus of this paper, it bears noting that at least one of them, the CAPA system (http:llwww.pa.msu.edu:8Oledul CAPA) has been collecting a repository of problems by CAPA users at different institutions. This approach differs from ours in two important ways: First, our software is designed to import problems from arbitrary Web pages rather than limiting its reach to problems designed for a particular Web-based testing system. Although a closed system might build up a formidable repository of problems for introductory courses, it is doubtful whether this approach could ever capture a sufficient number of problems for advanced courses on new areas of technology. Second, when CAPA imports external problems, they must be converted to the CAPA language. Our system is designed to translate material automaticallythough at this stage of development, some hand-massaging of the generated HTML code is often needed.
ENHANCING THE DATABASE
Interest in the project within the computer architecture committee has been high. When the database was initially proposed, four dozen instructors indicated a willingness to participate. But when we began to gather questions, few instructors followed through. After we succeeded in obtaining contributions from several faculty, interest again began to grow. To date, more than 60 instructors at about 50 different universities have requested access. Most have browsed it only casually, although a large majority of those who have actually attempted to use it have found it useful (see Section 8).
A note on intellectual property: The problems included in the database are the intellectual property of their authors. Thus, we must be careful not to include problems without permission, for example, problems taken from textbooks. In effect, this grants the database a nonexclusive right to start of each semester. This was one of the most frequent requests made by respondents to our survey. An additional field identifying the textbook has been added to the questions database, which will allow us to relate each question to the textbook used in the course for which the question was originally written.
One challenge in developing the database is inducing enough instructors to submit questions. As mentioned above, only nine instructors have submitted questions, and fewer have submitted solutions. Two questions bear on the feasibility of including further questions. In Question 4, ten of the thirteen respondents told us they could either provide questions via the Web or e-mail. In Question 3, we found that only a minority of respondents had all their solutions in electronic format. While it might be possible for us to type the answers in for them, this approach is clearly not scalable. However, to encourage submission we have added two new input modes-e-mail and direct input to WebAssign, to go along with the Web-searching scripts we originally used.
The easier it is to submit material, the more users will be encouraged to use the database. We believe that the Web-based Java application that we are developing will make it simple and fast to gather mterial and insert it into FIGURE 5 CREATE QUESTION SCREEN the database.
The application will incorporate the functionality found in the present Per1 scripts along with a
SURVEY OF CURRENT USERS
much more user-friendly interface.
In summary, our course database has attracted To determine what enhancements are most desired by our considerable interest from instructors. But, like other present users, we conducted a Web-based survey in February software products, it must be nurtured by persistent 2000. Thirteen of our 65 account-holders responded. This promotion. It is necessary to encourage to take is a response rate Of Only 20% but it probably advantage of the material that is already in the database, and represents a far higher percentage of the actual users, to contribute new material. because four email addresses were invalid, three users had were no longer using the database. Another important reason for not submitting the survey is that several users have not A Web-based course database is an idea whose time has taught a computer architecture course since they gained come. First, rising student enrollments in computing' and access to the database. Results are tabulated in Table 1. other areas of technology are increasing the demands on On a scale of 1 to 5 for usefulness, with 5 being "very faculty time. Second, the increasing pace of technological useful" and 1 being "not useful at all," the average response change is creating a need for more up-to-date courses. was 3.3. Surprisingly, this was considerably lower than the Third, instructors are Placing more and more of their 4.2 rating for usefulness that the database received in an materials on the World-Wide Web. Fourth, the trend toward earlier survey [4] . This may reflect the fact that users distance education is increasing the demand for course responding to last year's survey did S O , by and large, soon materials to be available in a form that can be served over after gaining access to the database; by contrast, the current the Web. Finally, the Public is demanding that more survey; by contrast, surveyed users who may not have used attention be devoted to good teaching. Our approach is the database for a year or more. Another possibility is poor semiautomatically to collect course materials already on the user documentation; early respondents to the survey reported Web into a single database. This will greatly ~~h a n c e the difficulty searching for questions. In response, we improved availability of good, up-to-date materials to instructors the user documentation, but this improvement came after "I the World. most respondents had answered the survey. Help
Benefits will accrue to both students and faculty. information in the form of static text was also incorporated Students will be able to karn from better-thought-out into the database Web pages. This should improve the problems over more recent material. Students Will have usability rating, which was low (3.15). To encourage more more good problems to Practice on, which will help many of frequent usage, we will need to advertise the database better, them to improve their understanding. Faculty will be able to by letting our users know of new enhancements before the design better courses in less time. They will have a greater 
